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Description

FIELD OF THE INVENTION

[0001] This invention relates to the interaction between computers and users and, more particularly, to intuitive graph-
ical interfaces which allow the user to write and erase using a hand-held stylus on an electronic display.

BACKGROUND OF THE INVENTION

[0002] Many graphical computer interfaces are being used in an effort to match more closely the established habits
of humans when they communicate with writing. In the most natural and intuitive of these interfaces, a human user
"writes" with a stylus on the surface of a computer-driven display, entering handwriting, sketching a diagram or picture,
pressing a "button", etc. What actually happens, of course, is that the user stimulates a digitizer, co-located with the
display, and the digitizer signals the position of the stylus to the computer. The computer then responds appropriately,
driving the display to reproduce the path of the stylus (thus making an image of the handwriting or picture) or to signal
that the button has been pressed. In this way, the stylus/digitizer/display combination becomes a close metaphor to
the common pencil and paper tablet that nearly everyone uses.

[0003] However, to complete the metaphor, an erase function is needed to complement the write function. In the
case of the pencil and tablet, an eraser is conveniently located opposite the writing end of the pencil, and the user
merely has to invert the pencil to use it. Such simplicity should also characterize the electronic equivalent.

[0004] Several examples of providing an erase function are found in the art. In Levin et al (US 5,231,578, issued
July 27, 1993), a stylus with writing and erasing ends is paired with a digitizer and the combination drives a display.
However, the display is separate from the digitizer and thus some of the intuitive analogy to the pencil/tablet is missing.
In addition, the stylus is an active device, tethered to the system with a cable carrying power and signals.

[0005] Farel et al (US 4,697,050, issued Sept. 29, 1987) discloses a self-contained stylus with physical writing and
erasing ends. This is used in conjunction with an actual drawing board. However, an electronic grid under the board
picks up signals from the stylus as it is writing (or erasing) and sends these to a computer for recording or other use.
The stylus is an active device powered with an internal battery.

[0006] In EP-A-0 622 753 a stylus for writing and erasing is used in conjunction with an electrostatic tablet and an
erase function is provided by electromagnetic coupling. In EP-A-0 229 637 an erasing function is provided magnetically.
[0007] Other examples exist in the art in which erasure takes place by manipulating a graphical erase icon around
the display screen with a stylus. Likewise, there are examples in which the write and erase functions are carried out
by separate handheld devices.

[0008] If both write and erase functions are allowed in intuitive interfaces, it appears that this leads, inevitably, to a
stylus with active circuitry in order to distinguish the two functions.

[0009] It would considerably advance the art to have a simple, passive, and inexpensive stylus which can be used
very much like a pencil for both writing and erasing.

SUMMARY OF THE INVENTION

[0010] The invention is defined by the claims hereinafter.

[0011] In a preferred embodiment of the invention, a handheld computing device is provided with a planar electronic
display, preferably a liquid-crystal screen. Directly above the screen is a transparent, planar digitizer which is stimulated
by pressing on its surface. Both the display and the digitizer are part of a microprocessor-based system. The hardware
and software of this system are arranged so that, in a common mode of operation, the display reproduces the path of
a moving stylus pressing on the surface of the digitizer. This action simulates handwriting or drawing. Other modes of
operation are also available, such as presenting the user with control "buttons" to press.

[0012] To improve the analogy between the handheld device and the use of pencil and paper, an erase function is
also provided. The stylus has both a writing end and an erasing end, similiar to a pencil. When the user inverts the
stylus and presses the digitizer with the erasing end, the system removes any graphical traces under the stylus in a
manner closely resembling rubber erasure of pencil traces on paper, except that multiple passes are not needed for
complete removal of the traces.

[0013] Under the display is located an inductive winding, preferably in the form of a planar spiral. The erasing end
of the stylus contains a permanent magnet with a localized field. When this end approaches, retreats from, or moves
across the digitizer, an AC voltage is induced in the winding. This AC signal is conditioned to provide an ERASE
ENABLE signal to the microprocessor. When ERASE ENABLE is present AND there is a digitizer signal, the system
erases any graphical trace in the neighborhood indicated by the digitizer. Thus a trace may be removed by moving the
stylus across the digitizer surface above the trace. Likewise a single point may be erased by moving the stylus toward,
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and then contacting, the digitizer.
[0014] No active devices are used, no power is consumed by the stylus, and the manufacturing cost is low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1is alayout diagram of the graphics elements of the system, together with the sensing inductive winding.
[0016] Fig. 2 is a block diagram of the preferred embodiment of the invention.

[0017] Fig. 3 is a diagram showing a preferred topology of the inductive winding plus circuit elements of a signal
conditioner.

[0018] Fig. 4 is a diagram of a digitizer interface circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] Referring now to Fig. 1, there are shown several elements of a handheld computer system designed to interact
with the user in an intuitive manner closely resembling the use of pencil and paper. A planar graphical display 12 is
overlaid with a transparent planar digitizer 10. In the preferred embodiment, display 12 is a liquid crystal type, although
other varieties, such as electroluminescent, could be used if higher power consumption is tolerable. Digitizer 10 is
composed of layers of both electrically conductive and insulating material. These are arranged so that, when the digitizer
surface is pressed, resistances measurable on cable 14 can be interpreted to determine the surface position where
the pressure was applied. Both digitizer 10 and display 12 have active areas nominally the same size, and these active
areas are superimposed in the assembled computer. Cable 16 supplies drive signals to display 12, enabling the gen-
eration or removal of image elements ("pixels") anywhere on the active area of the display. Cable 16 connects to the
system microprocessor, not shown in this figure, while cable 14 connects to a digitizer interface circuit, also not shown.
Further details and illustrations of these devices will be set forth below.

[0020] The computer has a user-input device, stylus 18, for signalling the system via digitizer 10. This simple, passive
device has a pointed writing end 20 and an erasing end 22. Secured to the erasing end is a permanent magnet, whose
(invisible) magnetic field is symbolically represented by the dotted lines 24.

[0021] Directly under display 12 is an inductive winding 26. The size and location of this winding makes it responsive
to a magnetic field applied anywhere in the active areas of digitizer 10 and display 12. In the figure, winding 26 is
illustrated by the well-recognized circular solenoid symbol. In practice, it is likely to be a planar winding, as illustrated
in other figures in the disclosure. Connections 28 from winding 26 are coupled to a signal conditioner later explained
and illustrated.

[0022] Much of the operation of this type of computer system consists in the user moving the writing end 20 of stylus
18 in a path on the surface of digitizer 10, using enough pressure to activate the digitizer. Usually this is about the
same pressure as that required to make a legible mark with a pencil on a piece of paper. If the computer writing mode
is expecting a handwriting or drawing input, then the system generates a graphical trace on display 12 duplicating the
stylus path and located directly under it. In another mode, graphical "buttons" indicate choices and the user is expected
to press one with the stylus. These and other writing modes are known in the art and no further explanation is needed
for clarity of this disclosure, which will, instead, now address novel features of the invention, especially erasure.
[0023] Fig. 2 shows additional elements of the handheld computer. A digitizer interface circuit 30 is needed to convert
the variable resistance values from the digitizer into data words readable by the system microprocessor 34. Interface
30 sends these words to the processor port 36. Fig. 4 shows circuitry for implementing interface 30, and its operation
is explained below.

[0024] Processor 34 drives display 12 via port 38 and cable 16. Sometimes scanning circuits, external to the proc-
essor, are used to drive displays. However, for a handheld device, the display driving task can usually be done entirely
by the processor, as is indicated here.

[0025] Moving the erasing end 22 of stylus 18 in the vicinity of the digitizer causes magnetic flux lines 24 to cut
portions of inductive winding 26. This action induces a varying voltage in the winding, which appears on its connections
28. This AC voltage is of the order of millivolts, and must be conditioned to provide a logic signal ERASE ENABLE to
port 40 of processor 34. Signal conditioner 32 performs this task. Its circuitry and operation are explained below and
illustrated in Fig. 3.

[0026] To understand the erasure function of the invention, it is useful to summarize combinations of states of the
digitizer 10 and the induced voltage in winding 26, and the actions implied by these combinations:

COMBIN. NO. DIGITIZER INDUCED VOLTAGE ACTION

1 off zero no action
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(continued)

COMBIN. NO. DIGITIZER INDUCED VOLTAGE ACTION
2 off non-zero eraser is moving toward or away from digitizer
3 on, changing zero writing end moving on digitizer
4 on, no change zero writing or erasing end of stylus held stationary on
digitizer
5 on, changing non-zero erasing end moving on digitizer

[0027] From this list of states, it can be seen that erasing is defined by combination 5. That is, the processor should
be programmed to remove graphical traces in the vicinity indicated by the digitizer during combination 5. The radius
of erasure can, conveniently, be set by the user according to the complexity and fine structure of the graphic material.
[0028] Foruserconvenience, an additional event may also invoke erasure: if combination 2 transitions to combination
4, this can indicate the user's desire to erase a single point or a chosen, circular area around such a point.

[0029] The operation of signal conditioner 32 may be appreciated by reference to Fig. 3 and the following comments.
The function of signal conditioner 32 is to convert the small, magnetically induced signal in winding 26 into a (typically)
TTL logic signal ERASE ENABLE to be supplied to processor port 40. In the figure, winding 26 is shown as a planar,
rectangular, spiral inductance. Preferably, this inductance is created by etching its pattern on a printed circuit board.
Its sensitivity to a small, varying magnetic field is nominally constant over its area, with local maxima in the neighborhood
of each conductor.

[0030] The signal in winding 26 is supplied to a DC-coupled amplifier 40, which amplifies it to an average level of
about 3 volts RMS. (For use inside buildings, amplifier 40 should have negligible response to powerline frequencies.)
The output of amplifier 40 is then connected to a circuit comprising operational amplifier 46, R1, R2, R3, and D1. These
elements are arranged as a full wave rectifier with positive output. Assigning the resistor values R1=10K, R2=5K, and
R3=15K, for instance, will result in symmetrical rectification with a gain of 0.5 for both positive and negative portions
of the AC signal. This rectified signal then passes through lowpass filter 42, whose cutoff frequency is about 10 Hz.
The optimum frequency should be determined experimentally, as it depends on the size and pitch of winding 26, the
strength of stylus magnetic field 24, and other factors difficult to quantify. Output from lowpass 42 is then supplied to
a comparator 42, where it is compared against a reference threshold voltage Vth and translated to TTL logic levels.
The optimum value of Vth should be determined experimentally. The output from comparator 42 is the ERASE ENABLE
logic signal used to distinguish states 1, 3, and 4 from states 2 and 5 in the above table.

[0031] For an understanding of digitizer interface 30, reference is now made to Fig. 4, showing a simplified circuit of
the interface. Digitizer 10 is represented electrically as two variable resistors Rx and Ry. When writing end 20 of stylus
18 presses on the surface of digitizer 10, the values of these resistors represent the X and Y coordinates, respectively,
of the stylus position. These resistance values are converted into voltages by current sources Ix (52) and ly (50).
Multiplexing is used to conserve circuitry: these voltages are converted, in repetitive sequence, to digital words by A/
D converter 56. The sequencing is handled by a control signal from processor 34, which arrives from port 36 on line
58. The control signal operates multiplexer 54 and enables conversion in A/D 56. A sequencing rate of at least 100 Hz
is usually adequate to generate X and Y sample value trains characterizing the successive positions of stylus 18. A/
D 56 supplies 8- or 10-bit words to processor 34 via line 60 and port 36.

[0032] An advantage of this circuit configuration is that it is simple to determine when digitizer 10 is ON (activated)
or OFF. When there is no pressure on the digitizer surface, both Rx and Ry are open circuits, and the voltages on lines
14 rise to the limits of the compliance ranges of current sources 50 and 52. When this happens, A/D 56 will signal an
overload condition, and this can be interpreted by the processor as "digitizer OFF".

[0033] We have described and illustrated the principles of our invention with reference to a preferred embodiment;
however, it will be apparent that the invention can be modified in arrangement and detail without departing from such
principles. For instance, the display need not be co-located with the digitizer; this reduces the intuitive analogy to pencil
and paper but is clearly within the scope of the invention disclosed herein. Another variation is to locate a non-trans-
parent digitizer under a flexible display. A further variation is using a non-planar, transparent digitizer and an inductive
winding on the spherical surface of a cathode-ray display.

Claims

1. A method of erasing a portion of a stylus-based electronic writing system, which system comprises a digitizer (10)
traversed by a writing stylus (18) and an electronic display (12) imaging the path of the stylus across the digitizer,



10

15

20

25

30

35

40

45

50

55

EP 0 741 353 B1

a permanent magnet being secured to an erasing end (22) of the stylus opposite a writing end (20), and an inductive
winding (26) being co-located with the digitizer, which method comprises

(a) contacting the digitizer with the erasing end of the stylus;

(b) monitoring the inductive winding for the presence of a signal inducted therein by motion of the permanent
magnet; and

(c) erasing a portion of the image indicated by the path of the erasing end across the digitizer when there is
a signal simultaneously present in the inductive winding.

2. A method of erasing according to claim 1, wherein, in the system, the display (12) is also co-located with the
inductive winding (26) and the digitizer (10).

3. A stylus-based electronic writing system having both writing and erasing functions, comprising:

(a) a writing stylus (18) having a writing end (20) and an erasing end (22), and a permanent magnet secured
to the erasing end;

b) a digitizer (10) having a writing surface and an output (14) for signals indicating a location on the writing
surface touched by the stylus;

¢) an electronic display (12) having a drive input (16);

d) a display driver (34) having an input (36) coupled to the digitizer output, an ERASE ENABLE input (40),
and a drive output (38) coupled to the display drive input;

e) an inductive winding (26) similiar in size to, and proximate the digitizer;

f) a conditioning circuit (32) having an input coupled to the inductive winding and an output coupled to the
ERASE ENABLE input.

4. A stylus-based electronic writing system according to claim 3, wherein the writing stylus (18) is a passive device.

5. Astylus-based electronic writing system according to claim 3, wherein the display driver (34) is incorporated within
a microprocessor controlling the writing system.

6. A stylus-based electronic writing system according to claim 3, wherein the digitizer (14) comprises pressure-sen-
sitive conductive sheets having X and Y output signals.

7. Astylus-based electronic writing system according to claim 3, wherein the inductive winding (26) is a planar spiral.

8. A stylus-based electronic writing system according to claim 3, wherein the electronic display (12) is similar in size
to, and co-located with, the digitizer (10).

9. Astylus-based electronic writing system according to claim 3, wherein the digitizer (10) is transparent, the electronic
display (12) is proximate a surface of the digitizer opposite the writing surface, and the inductive winding (26) is
similar in size to the display, and co-located therewith.

10. A stylus-based electronic writing system according to claim 9, wherein the digitizer (10), the display (12), and the
inductive winding (26) are planar devices.

Patentanspriiche

1. Ein Verfahren zum Ldschen eines Abschnitts eines auf einem Schreibgriffel basierenden elektronischen Schreib-

systems, wobei das System einen Digitalisierer (10), der von einem Schreibgriffel (18) iberquert wird, und eine
elektronische Anzeige (12) aufweist, die den Weg des Schreibgriffels Giber den Digitalisierer abbildet, wobei ein
Permanentmagnet an einem Léschende (22) des Schreibgriffels gegeniberliegend zu einem Schreibende (20)
angebracht ist, wobei eine induktive Wicklung (26) gemeinsam mit dem Digitalisierer angeordnet ist, wobei das
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Verfahren folgende Schritte aufweist:
(a) Beriihren des Digitalisierers mit dem Ldschende des Schreibgriffels;

(b) Uberwachen der induktiven Wicklung hinsichtlich des Vorhandenseins eines Signals, das durch eine Be-
wegung des Permanentmagneten in derselben hervorgerufen wird; und

(c) Loéschen eines Abschnitts des Bildes, der durch den Weg des Léschendes iber den Digitalisierer angege-
ben wird, wenn gleichzeitig ein Signal in der induktiven Wicklung vorhanden ist.

Ein Verfahren zum Léschen gemaR Anspruch 1, bei dem die Anzeige (12) ferner gemeinsam mit der induktiven
Wicklung (26) und dem Digitalisierer (10) in dem System angeordnet ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem mit sowohl einer Schreib- als auch einer
Loschfunktion, wobei das System folgende Merkmale aufweist:

(a) einen Schreibgriffel (18) mit einem Schreibende (20) und einem Léschende (22), wobei ein Permanent-
magnet an dem Léschende angebracht ist;

(b) einen Digitalisierer (10) mit einer Schreiboberflache und einem Ausgang (14) fiir Signale, die eine Position
auf der Schreiboberflache, die von dem Schreibgriffel berihrt wird, angeben;

(c) eine elektronische Anzeige (12) mit einem Treibereingang (16);

(d) einen Anzeigentreiber (34) mit einem Eingang (36), der mit dem Digitalisiererausgang gekoppelt ist, einem
LOSCH-FREIGABE-Eingang (40) und einem Treiberausgang (38), der mit dem Anzeigentreibereingang ge-
koppelt ist;

(e) eine induktive Wicklung (26), die groRenmaRig in etwa dem Digitalisierer entspricht und in der Nahe des-
selben angeordnet ist; und

(f) eine Aufbereitungsschaltung (32) mit einem Eingang, der mit der induktiven Wicklung gekoppelt ist, und
einem Ausgang, der mit dem LOSCH-FREIGABE-Eingang gekoppelt ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemaR Anspruch 3, bei dem der Schreib-
griffel (18) ein passives Element ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemal Anspruch 3, bei dem der Anzei-
gentreiber (34) in einen Mikroprozessor, der das Schreibsystem steuert, aufgenommen ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemal Anspruch 3, bei dem der Digitali-
sierer (14) druckempfindliche, leitfahige Lagen mit X- und Y-Ausgangssignalen aufweist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemal Anspruch 3, bei dem die induktive
Wicklung (26) eine planare Spirale ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemal Anspruch 3, bei dem die elektro-
nische Anzeige (12) gréRenmaRig etwa dem Digitalisierer (10) entspricht und gemeinsam mit demselben ange-
ordnet ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemal Anspruch 3, bei dem der Digitali-
sierer (10) transparent ist, sich die elektronische Anzeige (12) in der Nahe einer Oberflache des Digitalisierers
gegenlberliegend zu der Schreiboberflache befindet, und die induktive Wicklung (26) groRenmaRig etwa der An-
zeige entspricht und mit derselben gemeinsam angeordnet ist.

Ein auf einem Schreibgriffel basierendes elektronisches Schreibsystem gemal Anspruch 9, bei dem der Digitali-
sierer (10), die Anzeige (12) und die induktive Wicklung (26) planare Elemente sind.
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Revendications

Procédé d'effacement d'une partie d'un systéme d'écriture électronique a base de stylet, systeme comprenant un
numériseur (10) traversé par un stylet d'écriture (18) et un affichage électronique (12) fournissant une image du
trajet du stylet en travers du numériseur, un aimant permanent étant fixé a une extrémité d'effacement (22) du
stylet a I'opposé d'une extrémité d'écriture (20), et un bobinage inductif (26) étant positionné conjointement au
numeériseur, procédé comprenant :

a) la mise en contact du numériseur avec l'extrémité d'effacement du stylet ;

b) le contrdle du bobinage inductif afin de constater la présence d'un signal induit a l'intérieur par déplacement
de l'aimant permanent ; et

c) I'effacement d'une partie de I'image indiqué par le trajet de I'extrémité d'effacement en travers du numériseur
lorsqu'il existe un signal présent, de fagon simultanée, dans le bobinage inductif.

Procédé d'effacement selon la revendication 1, selon lequel, dans le systéme, I'affichage (12) est positionné, de
méme, de fagon conjointe au bobinage inductif (26) et au numériseur (10).

Systéme d'écriture électronique a base de stylet possédant, a la fois, des fonctions d'écriture et d'effacement,
comprenant :

a) un stylet d'écriture (18) possédant une extrémité d'écriture (20) et une extrémité d'effacement (22) et un
aimant permanent fixé sur I'extrémité d'effacement ;

b) un numériseur (10) possédant une surface d'écriture et une sortie (14) pour des signaux indiquant une
position sur la surface d'écriture touchée par le stylet ;

c) un affichage électronique (12) possédant une entrée d'attaque (16) ;

d) un circuit d'attaque d'affichage (34) possédant une entrée (36) couplée a la sortie du numériseur, une entrée
de VALIDATION d'EFFACEMENT (40) et une sortie d'attaque (38) couplée a I'entrée d'attaque d'affichage ;

e) un bobinage inductif (26) similaire en dimension au numériseur et proche du numériseur ; et

f) un circuit de conditionnement (32) possédant une entrée couplée au bobinage inductif et une sortie couplée
a l'entrée de VALIDATION d'EFFACEMENT.

Systéme d'écriture électronique a base de stylet selon la revendication 3, dans lequel le stylet d'écriture (18) est
un dispositif passif.

Systéme d'écriture électronique a base de stylet selon la revendication 3, dans lequel le circuit d'attaque d'affichage
(34) est incorporé dans un microprocesseur commandant le systeme d'écriture.

Systéme d'écriture électronique a base de stylet selon la revendication 3, dans lequel le numériseur (14) comprend
des feuilles conductrices sensibles a la pression possédant des signaux de sortie X et Y.

Systéme d'écriture électronique a base de stylet selon la revendication 3, dans lequel le bobinage inductif (26) est
une spirale plane.

Systéme d'écriture électronique a base de stylet selon la revendication 3, dans lequel I'affichage électronique (12)
est similaire en dimension au numériseur (10) et est positionné conjointement a ce dernier.

Systéme d'écriture électronique a base de stylet selon la revendication 3, dans lequel le numériseur (10) est trans-
parent, I'affichage électronique (12) est proche d'une surface du numériseur opposée a la surface d'écriture, et le
bobinage inductif (26) est similaire en dimension a I'affichage et est positionné conjointement a ce dernier.

10. Systeme d'écriture électronique a base de stylet selon la revendication 9, dans lequel le numériseur (10), I'affichage
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(12) et le bobinage inductif (26) sont des dispositifs plans.
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